Objective: To describe associations between sociodemographic factors and calcium intake in premenopausal women. Design: Cross-sectional study. Setting: Population-based. Subjects: A total of 467 randomly selected, predominantly Caucasian Tasmanian women aged 25-44 y, response rate 63%. Main outcome measures: calcium intake, sociodemographic factors, anthropometrics, osteoporosis knowledge and selfefficacy. Results: Education level, calcium-specific osteoporosis knowledge and self-efficacy were all independently associated with calcium intake (Po0.05). The odds of achieving the recommended dietary intake for calcium increased with higher levels of calcium-specific self-efficacy and knowledge, and decreased in smokers or if the household's main financial provider was unemployed (Po0.05). Conclusions: Women who have lower levels of education, who are in households where the main financial provider is unemployed, who are smokers, and those with low levels of calcium-specific self-efficacy and knowledge are at risk of not achieving adequate calcium intake. This information will assist targeting of public health strategies aimed at improving the calcium intake of premenopausal women.
Introduction
Adequate calcium intake is important in the prevention of osteoporosis (NIH Consensus Statement, 2000) and may also have a role in prevention of colon cancer (Weingarten et al, 2003) , hypertension (Griffith et al, 1999) , hypercholesterolaemia (Reid et al, 2002) and obesity (Zemel, 2001; Heaney et al, 2002) . Few studies have described specific sociodemographic factors associated with low calcium intake (Welsh & Guthrie, 1991; Lewis & Hollingsworth, 1992; Guthrie, 1996) and no information is available on factors such as the role of family or personal history of osteoporosis or fracture, osteoporosis knowledge or osteoporosis selfefficacy. This study aimed to describe the association between sociodemographic factors and calcium intake in a representative sample of healthy women aged 25-44 y.
Methods
We studied Tasmanian women aged 25-44 y, who were randomly selected from a predominantly Caucasian population, using the 2000 electoral roll. Subjects were excluded if they had current or past medical conditions predisposing them to osteoporosis. Ethics approval was gained from the Royal Hobart Hospital Ethics Committee.
Usual calcium intake (mg/day) was assessed by a mailed validated calcium-specific short food frequency questionnaire (FFQ) (Angus et al, 1989) .
Osteoporosis self-efficacy was measured by a four-point adjectival scale modification of the 12-item Osteoporosis Self-efficacy Scale (Horan et al, 1998) which has a six-item subscales pertaining to calcium intake. The range of possible scores was from 12 to 48 (6-24 for calcium-specific items). Osteoporosis knowledge was measured by the Osteoporosis Knowledge Assessment Tool (OKAT) (Winzenberg et al, 2003) , which is a 20 item questionnaire with three calcium-specific items. The score could range from 0 to 20 (0-3 for calcium-specific items).
Self-reported questionnaire assessment was made of the smoking history, breastfeeding history, number of children of the subject, family history of osteoporosis and/or fracture, fracture history in the subject, education level, employment status of main financial provider in the household, hours of employment of the respondent and marital status. Height and weight were measured.
Calcium intake was log-transformed for all analyses. Methods used to test for associations with log daily calcium intake included linear regression, one-way analysis of variance (ANOVA) and the Kruskal-Wallis test. The Bonferroni, Sidak and Scheffe procedures were performed where there were multiple levels of comparison in one-way ANOVA. Logistic regression was performed to identify potential factors associated with achieving the Australian recommended dietary intake (RDI) for calcium (National Health and Medical Research Council, 1991) . All analyses were performed in Stata version 7 (Stata Corporation, TX, USA). Statistical significance was set as Po0.05 (two tailed).
Results
Characteristics of the 467 women (63% response rate) are given in Table 1 . Consistent with other studies, we report a low calcium intake in premenopausal women, with an estimated 60% of women not meeting the RDI for calcium of 800 mg from dietary sources. Furthermore, few women (2.1%) were using calcium supplements.
There were significant differences in log daily calcium intake between education up to and including grade 10, and education to grade 12, and between up to grade 10 and tertiary education (Po0.01), but not between up to grade 12 and tertiary (P40.9). Osteoporosis self-efficacy and osteoporosis knowledge were both associated with log daily calcium intake. However, when the subscales for calciumspecific and noncalcium-specific items were considered separately, only calcium-specific subscales remained significantly associated with log daily calcium intake.
Level of education, calcium-specific osteoporosis knowledge and calcium-specific osteoporosis self-efficacy were positively associated with log daily calcium intake ( Table 2 , first section), whereas unemployment of the main financial provider in the family was associated with lower log daily calcium intake. The model accounted for a reasonable proportion of the variation in calcium intake (adjusted R 2 ¼ 13%, Po0.0001). There were no associations between log daily calcium intake and past or current smoking, family history of fracture, personal history of fracture, age, the hours of employment of the respondents, marital status or having ever breast fed (data not shown). The second section of Table 2 documents factors associated with reaching the Australian RDI for calcium.
Discussion
Our study identifies subgroups of premenopausal women who are at greater risk of not meeting their RDI for calcium, and who therefore may be at increased risk of a number of diseases, including osteoporosis, colon cancer and obesity. Importantly, a number of sociodemographic variables were independently able to explain a significant proportion of the variation in calcium intake. Such associations of sociodemographic variables with calcium intake have been described infrequently. Higher education levels have been associated with higher nutrient density of calcium in the diet of Hong Kong Chinese men and women aged 24-74 y (Woo et al, 1999) , where the difference was mainly noted between primary and higher educational level. In our predominantly Caucasian sample, those women who had only completed grade 10 (schooling until approximately age 16 y) had a lower mean calcium intake than those who studied at the pretertiary and tertiary (Welsh & Guthrie, 1991; Guthrie, 1996) but without the threshold effect seen in this study. This effect, with women educated only to grade 10 having lower calcium intakes, may indicate that women who leave school earlier are missing important health education messages regarding calcium intake.
There was an association between the employment status of the main provider in the family and calcium intake, but no association with the employment status of the respondent. This contrasts with previous findings which described a higher likelihood of meeting the RDI for calcium intake in women who worked part-time (Guthrie, 1996) . This may reflect differences in sampling methodology, differences between US and Australian female populations, or changes over time. The positive association between the employment status of the main financial provider and calcium intake is consistent with previous findings that increased household income level is also positively associated with higher intake (Welsh & Guthrie, 1991) . Current smokers were half as likely to achieve the RDI for calcium compared to nonsmokers, independent of other factors. This is of particular concern, given the associations between smoking and low bone mineral density in premenopausal women (Jones & Scott, 1999) and smoking and decreased intestinal calcium absorption (Krall & Dawson-Hughes, 1999) . The lack of an association between events that one might hypothesize could cause a person to actively try to increase their calcium intake, such as breastfeeding or personal or family history of fracture, and calcium intake suggest that these events on their own are unlikely to trigger calcium intake behaviour change.
The total and calcium-specific scores for both osteoporosis knowledge and self-efficacy were positively associated with calcium intake. The factors influencing self-efficacy described by Bandura (1986) may explain the association between calcium intake and calcium self-efficacy. For example, women who already had higher calcium intakes (a mastery experience), or women coming from environments where high calcium intake had been modelled, could be more confident that they could increase or maintain this. However, further social and behavioural research is needed to examine how calcium-specific self-efficacy might best be improved. The positive association between calcium-specific osteoporosis knowledge and calcium intake suggests that a person with more knowledge about calcium may be better equipped to increase their calcium intake. This has been demonstrated in the context of exercise and calcium intake behaviour for osteoporosis prevention (Piaseu et al, 2002) . It remains to be seen if changing levels of knowledge and/or self-efficacy result in improved calcium intake behaviour in prospective trials.
This study has a number of potential limitations. While the sample was randomly selected, selection bias is possible due to the moderate response rate. However, the wide spread of education levels and the unemployment rate approximates the overall population figures (Department of Health and Human Services, 1999) . Furthermore, calcium intake in this study is only slightly higher than that reported in a Southern Tasmanian sample of women selected using criteria that resulted in a cohort with high levels of smoking (Jones & Scott, 1999) , suggesting that the effects of a potential selection bias towards a healthy cohort are minor and the results of this study may be generalized to healthy 25-44 y old Caucasian women. A short FFQ was used to measure calcium intake due to its ease of administration to large numbers of people. While the FFQ may cause underestimation of calcium intake (Angus et al, 1989) , the resulting misclassification is likely to dilute any associations, suggesting that the real associations may be greater than those reported. The instrument we used may underestimate calcium intake from all sources, thus the figure of 60% of women not meeting the RDI may be an overestimate. The assessment of calcium knowledge by the OKAT is not comprehensive, as it is only one domain of osteoporosis knowledge covered by that instrument. However, despite this, significant associations were found between calciumspecific osteoporosis knowledge and calcium intake.
In conclusion, this information will assist development of focused public health strategies, for example by targeting smokers or women from unemployed households, or by curriculum changes to provide adequate education on bone health to girls prior to grade 10. It identifies potential pathways for improving calcium intake through knowledge and self-efficacy changes and will allow better targeting of public health strategies aimed at improving the calcium intake of women in this age group.
